ABSTRACT: Primary socioeconomic activities in the System of Platja de Palma (SPdP), located in the southwestern coast of Mallorca, Spain, are beach-based holidays and, therefore, are very closely linked to climate. The social, economic and environmental adaptation that this region must make in the mid-and long-term period has to take into account the changes in the tourist potential when the climate changes. A second-generation climate index for tourism (CIT) has been adopted to measure tourism potential under the present and possible future climatic conditions. CIT is a theoretically based and empirically derived index that allows assessing the sun, sea and sand (3S) weather resource. Daily observed series of 2 m maximum temperature, precipitation, 2 m relative humidity, cloud cover and 10 m wind speed have been used to derive the present climate potential for tourism. For future projections, daily averaged meteorological variables have been obtained from a set of regional climate models (RCMs) within the European ENSEMBLES project. The adoption of a multimodel ensemble strategy allows quantifying the uncertainties arising from model errors and boundary conditions. To use CIT values based on RCM data properly at local scales, a quantile-quantile adjustment has been applied. Results show a significant increase in the annual frequency of days with acceptable conditions together with a slightly increment for the ideal climate perceptions at the expense of decreasing unacceptable categories. For the summery peak season, ideal conditions are projected to decrease from mid-century favouring acceptable categories. However, an almost general increase for both classes is anticipated in spring and autumn throughout the century. That is, higher frequencies of optimal climate perceptions for carrying out 3S outdoors activities are expected to shift from the peak to shoulder seasons. Therefore, climate change would result in a major impact for the current seasonally adjusted service sector in SPdP. With this information at hand, policy makers and the team of experts planning its socioeconomic future can respond more effectively to the demanding challenge of local adaptation to climate change by implementing adaptation and mitigation strategies to the tourist sector.
Introduction
Tourism is one of the largest economic sectors worldwide and, for many European Mediterranean countries, beach-based holidays are a key resource income source. Sun, sea and sand (3S) tourism currently is based on well defined subjective perceptions of warm and sunny climates as suitable environments for spending holidays (Aguiló et al., 2005) . Specifically, 3S tourism is strongly linked to a diverse set of atmospheric variables such as temperature, rainfall, relative humidity, cloudiness (i.e. hours of sunshine) and wind speed (De Freitas, 1985 , 1990 . Other natural assets as beaches' environment, land-and seascapes or biodiversity generally are important elements for these outdoor activities as well.
Global environmental change threatens these conditions. Further, 3S tourist transportation activities directly affect climate change through greenhouse gas emissions, and 3S tourism is especially sensitive to climate change impacts. Moreover, the natural variability of the weather parameters determines the seasonality in the industry for many regions worldwide. As an example, the European seasonal contrast acts as a pull and push factor for the peak summery demand of holidays in Europe (Viner, 2006) .
The direct and indirect effects of climate change on tourism could vary with location. Observations show that the global mean air surface temperature has increased notably during the twentieth century. The rate of this global warming for the period is estimated to be close to 2.7°C per century. For the Mediterranean region, the rate of global warming has been between 2.5 and 3.5°C per century (IPCC, 2007) . Associated with this has been a redistribution of rainfall and other atmospheric variables (e.g. pressure, wind, cloudiness). In the Mediterranean, a rainfall decrease has been observed between 5 and 20% from 1901 5 and 20% from to 2005 5 and 20% from (IPCC, 2007 . The direct impact of an increase in temperatures for high latitudes could result in a poleward shift in the atmospheric conditions for summery recreation while warm regions could present inappropriate weather conditions (Amelung et al., 2007) . Indirect effects over regions that are highly dependent on tourism could include changes in the availability of drinkable water, energy prices, landand seascapes or travel costs (IPCC, 2007) . Several works have stated optimal average temperatures for general tourism activities, but without contemplating the dominance of other crucial atmospheric variables when assessing the weather resource (Gössling and Hall, 2006) . For example, Lise and Tol (2002) studied tourism under climate change and found that tourists perceive 21.0°C as an optimal average temperature for the warmest month of the year. Maddison (2001) identified 30.7°C as the maximum daily temperature preferred by the British on their choice of recreation destinations. Bigano et al. (2006) pointed out that the optimal holiday destination has an average annual temperature of roughly 16.2°C, which is within the current range of the Mediterranean countries. These and other studies indicate effects on travel behaviour and tourism flows that are a consequence of altering the weather perception as less or more comfortable. Such impacts are a general concern for state, regional and local policy makers. Although climate change is a problem of global causes and consequences, its impacts also become apparent locally. Therefore, to address these issues on the local scale is of considerable social, economic and environmental interest.
The Balearic Islands are located in the western Mediterranean area and are one of world's leading destinations for the 3S tourism (Aguiló et al., 2005) . The System of Platja de Palma (SPdP) is placed in the southwestern Majorcan coastal area, Spain (Figure 1) , and is the primary tourist resort in the Balearics. The predominant economic activity is a beach-based mass tourism model. The Consortium of Platja de Palma -an agreement signed by the Balearic Islands Government and the Spanish Ministry of Industry, Commerce and Tourism -seeks to establish a different vision and consider different tourism models. Major guidelines for the Consortium include as key issues: sustainability, climate and global change and social and residential cohesion (further information can be found at http://consorcioplayadepalma.es). Therefore, an important issue for the Consortium is to assess climate change impacts on the tourism potential of SPdP for the later implementation of mitigation and adaptation strategies. Within this framework, we assess the present climate potential for 3S tourism in SPdP; and explore its possible future evolution as a result of climate change.
The close relationship between weather resource and 3S recreation can be seen through a climate index for tourism. We employ a second-generation climate index 2097 for tourism (CIT), a theoretically based and empirically adjusted indicator that was developed specifically to rate the weather resource for 3S outdoor activities. However, some limitations in testing the CIT were also reported: the index was examined for a relatively narrow tourist-marked segment over a restricted spatial coverage (De Freitas et al., 2008) . To compute the CIT, we use observed daily series for maximum temperature, precipitation, relative humidity, cloudiness and wind speed. Regarding projections, simulated daily data have been provided by several regional climate models (RCMs) run under the A1B emissions scenario (SRES; Nakicenovic et al. 2000) . A challenge such local analyses pose is the need for quantitative estimates at very small spatial and temporal scales. To this end, we apply a novel quantile-quantile correction to the continuous CIT cumulative distribution functions (CDFs) to assess climate change impacts on the future climate potential of SPdP (Amengual et al., (unpublished) ). The rest of the paper is structured as follows: Section 2 presents a brief description of the climatic and socioeconomic features of the study area; Section 3 summarizes the observed and simulated databases used and provides an evaluation of the quantile-quantile adjustment; Section 4 exposes the observed and projected annual, seasonal and monthly mean regimes of the climate potential for tourism; and finally, Section 5 reviews the main results and offers some additional remarks.
Climatic and socioeconomic features of the study area
Climatic characteristics in the Balearic Islands are typical of the western Mediterranean region. The islands are affected by a wide range of synoptic flows and both the Mediterranean Sea and the Atlantic Ocean, strongly influence and modulate their climate. In summer, the synoptic situation is dominated by the Azores highpressure system, which results in a sustained increase of both air and sea surface temperatures. Furthermore, precipitation is scarce during this season, resulting in a moderate drought period. In early autumn, the eastward extension of the Azores high-pressure system moves equator-wards. This fact facilitates the arrival of midto upper-level Atlantic cold air masses. Heavy rainfalls are observed commonly during this season as a result of the confluence of the Atlantic cold air masses, the presence of moist and warm Mediterranean air at low levels, the relatively high sea surface temperature and the complex orography of the region (Tudurí and Ramis, 1997; Romero et al., 1999; Amengual et al., 2008) . The passage of cold fronts mainly affects the northern side of Mallorca and the island of Menorca, resulting in intense northerly to westerly winds. These areas have the largest number of days with strong winds, cloudiness and rain across the Balearics with annual precipitation amounts close to 600-700 mm. In the southern part of the islands, rainy days are linked to moist easterly flows. These are typically convective in character and can have high precipitation rates, mainly in autumn, but with occasional events in spring and winter (Romero et al., 1999) . For the Balearics, the mean annual rainfall is roughly 560 mm (Homar et al., 2010) .
Mallorca is characterized by an irregular distribution of mountain ranges and plains and, therefore, constitutes an excellent example of a region with complex topography. The Tramuntana range, located in the northwestern part of the island, presents the highest elevations and has maximum heights close to 1500 m (Figure 1) . The complex orography of Mallorca together with an irregular coastline and its inherent insular characteristics (e.g. summer sea breeze regimes) result in a relatively high climatic diversity (Guijarro, 1986) . That is, in the Tramuntana mountainous area, mean annual rainfall amounts can range from 1000 to 1500 mm, whereas in the southern coastline only 50 km away, it barely exceeds 350 mm. Temperatures are strongly dependent on altitude and distance to the sea as well. Furthermore, the Spanish Mediterranean area is quite often affected by the incursion of Siberian and Saharan -and occasionally, Arctic -air masses resulting in severe cold and heat waves. Mean annual minimum and maximum temperatures in the Balearic Islands are 12.8 and 21.8°C, respectively (Homar et al., 2010) .
The SPdP is located in the southwestern coastal part of Mallorca, adjacent to the city of Palma (Figure 1 ). The annual average of overnight stays spent in the whole Palma county was over 8 million during the 1999-2008 period, including both hotels and tourist apartments (INE, 2009) . In particular, SPdP is the main tourist resort in the Balearics: it can host 40 000 visitors per night, with a total of 1.2 million nights spent per year. Its main socioeconomic activities rely on the service sector, although it is also an important residential area -with 34 000 permanent inhabitants -owing to its proximity to Palma, the province capital. It has 10 km of coastline, mainly consisting of sand beaches, and the dominant leisure activities are those related with the 3S mass tourism model. However, the SPdP also offers other attractions such as: nautical and sea sport entertainment, shopping, and even business, cultural and gastronomical services as a result of its closeness to the ancient centre of the capital.
Database and methods

Input data and climate index for tourism
Observations used in this study were records from an automatic weather station deployed in 1973 by the Spanish Meteorological Agency (AEMET) at Palma's international airport (denoted by LEPA; 39.37°N, 2.43°E). No significant changes have occurred near this station, since it operates at the head of the first runway, far from any urban development (Figure 1) . Therefore, local effects from urbanisation, such as heat island warming or precipitation sheltering are negligible (Gual et al., 2002) . Further, its proximity to the SPdP -less than 4 km -makes it a dataset well suited to address the objectives of this work. To determine the climate potential for tourism in SPdP, the complete daily observed series of 2 m maximum temperature, accumulated precipitation, 2 m mean relative humidity, mean cloud cover and 10 m mean wind speed for the entire 1973-2008 period (36 years) have been used. Nowadays, climate indices for tourism include the influence of weather conditions on human comfort. The subjective perception of the weather resource does not deal exclusively with an optimal range of daily temperatures, but also with the effects of relative humidity, wind speed, short-and long-wave radiation and cloudiness. Human comfort depends on non-environmental effects as the level of activity or clothing as well. We account for all these factors by using a second generation climate index for tourism (CIT), which expresses the integrated body-atmosphere energy balance as a thermal sensation (De Freitas et al., 2008) . The CIT has been designed specifically to assess the weather resource for 3S activities. Originally, climate indices for tourism only considered a single element, the thermal facet. Later, a more elaborate indicator, the Tourism Climate Index (TCI; Mieczkowski, 1985) , accounted for several facets of the weather. TCI was theoretically developed to evaluate the weather resource for general tourism activities and it was based on monthly average climatic variables, but was not validated against human perception. On the other hand, CIT is theoretically sounded, but also empirically tested. It combines daily weather variables by merging their thermal (T), aesthetic (A) and physical (P) aspects. These features are combined in a weather typology matrix that determines the 3S subjective comfort perception by ranking the weather resource ( Figure 2) . Furthermore, the index also recognizes the dominating effects of these elements when they exceed certain thresholds. That is, the CIT assumes that the integrated effect of some particular weather condition is not just the sum of its various facets ( Figure 2 ; De Freitas et al., 2008) . The CIT assigns the weather resource for beach recreation using a scale from very poor (i.e. CIT = 1, unacceptable) to very good (i.e. CIT = 7, optimal; Figure 2 ). The CIT addresses the environmental and physiological variables: solar heat load, heat loss by convection (i.e. wind), evaporation (i.e. sweating), short-and longwave radiation exchanges and metabolic heat (i.e. activity level) through the thermal element. The aesthetic and physical aspects refer to the sky condition and to the effects of precipitation or strong wind, respectively (De Freitas et al., 2008) . Originally, the weather typology matrix did not rate climate potential for thermal conditions below slightly cool owing to their inappropriateness for beach-based holidays. However, we rate those CIT values that were left blank to avoid dealing with unavailable data (see Figure 2 ). Filling these gaps will not change the results, since all the chosen numerical codes lie within the unsatisfactory class. Furthermore, original thresholds for the aesthetic facet have been modified slightly, that is, cloud from ≤40 to <45%, and from ≥50 to ≥45%, to avoid inconsistencies with the available observations (Figure 2 ). Thermal sensation for the CIT thermal element has been computed by using the RayMan model (Matzarakis and Rutz 2007a) .
RayMan accounts for the body-atmosphere energy budget schemes and yields the mean radiant temperature (T mrt ). T mrt is the most important parameter affecting the human energy balance during sunny weather conditions. The model derives the following thermal indices from the mean radiant temperature: the Predicted Mean Vote (PMV), the Physiologically Equivalent Temperature (PET) and the Standard Effective Temperature (SET; Matzarakis and Rutz, 2007a; Matzarakis et al., 2007b) . T mrt is obtained by setting up the following daily meteorological parameters in Rayman: maximum temperature, relative humidity, wind speed, short-and long-wave radiation and cloud cover. We use the daily maximum rather than the daily mean temperature in RayMan as a more accurate proxy for the actual temperature, since most 3S tourism takes place around midday, when the temperature is near its maximum for the day. RayMan also includes the subsequent thermo-physiological parameters: human activity, body heat production and heat transfer resistance of clothing. The PET has been employed to obtain the thermal facet of the weather. Finally, computing the CIT requires expressing this feature as a thermal sensation by using the standard nine-point ASHRAE scale (ASHRAE, 2004; Figure 2) . Note that PET has been computed by considering the following standard personal and thermophysiological parameters: height = 1.75 m; weight = 75 kg; age = 35 years; sex = male; clothing = 0.1 clo and activity = 46 W. We use the regional simulations database available from the ENSEMBLES European project in order to explore the future climate potential for tourism. Daily-averaged climate data from 13 different RCMs run from 1951 to 2100 for the A1B SRES emissions scenario have been considered (Table I) . These experiments were performed by using a 25 km horizontal grid-length resolution that spans Europe, and includes the easternmost part of the Atlantic ocean, northern Africa and western Asia. We adopt a multimodel ensemble approach to evaluate the uncertainties arising from model errors -i.e. in the representation of the physical processes within RCMs -and the inaccuracies found in their boundary conditions as well (Table I ; Hewitt and Griggs, 2004 ; further information at http://ensembles-eu.metoffice.com). Daily averaged simulated variables for each model have been bilinearly interpolated to LEPA from the four nearest grid points (Akima, 1978 and 1996) in order to derive CIT. To properly use this indicator at such local scales, we apply the quantile-quantile correction described in detail in Amengual et al. (unpublished) to each individual CIT series.
To apply the adjustment, we consider a control period in the twentieth century with observed and simulated daily data as well as successive future simulated intervals of the same length. Then, these data are used to build the cumulative distribution functions (CDFs) of the variable under analysis, in this case CIT. The number of quantiles used to construct these CDFs will be the number of days included in the above periods. Then, the difference between each future simulated CDF and the control simulated CDF is computed for each quantile of the distribution, noted herein as i th -difference. A basic correction approach would consist of simply adding these i th -differences to the observed CDF quantiles, but as explained in Amengual et al. (unpublished) , our method first splits these i th -differences into two components (Figure 3 (a) and (b)): the average difference between both distributions (a constant value) and the perturbation of the i th -difference with respect to the previous average (an i th -dependent positive or negative value). And then, to produce the projected CDF, each component is added to the observed CDF quantile with a weighting factor that depends on the model error. Specifically, the weighting factor for the average difference is the ratio between observed and simulated control mean CIT values, and the weighting factor for the i th -perturbation is the ratio between observed and simulated standard deviations. Note that for the special case of a perfect model, both weighting factors would be equal to 1 and the adjustment method would exactly converge to the abovementioned basic correction approach.
To illustrate the performance of this adjustment, we use the Weibull distribution to generate a set of theoretical probability distribution functions (PDFs) and associated CDFs for a daily observed and simulated physical variable. Figure 3 (a) and (b) show the correction in the mean state, variability and distribution shape of the projected CDF. As explained in Amengual et al. (unpublished) , the changes between the control (RCM control) and future (RCM future) daily simulated data are locally rescaled (i.e. quantile by quantile) in basis of the observed CDF for the same control period (OBS control; baseline). Then, these changes are transfered to this baseline in order to obtain the projected data (Projected), thus permitting to reconcile each RCM with the observed climate. Figure 3 (c) depicts the effects of applying this technique on the PDFs of the simulated data. The use of the quantile-quantile adjustment corrects in the future PDF the positive bias and excessive variability found in the control period for this hypothetical RCM.
The discrete distribution of daily CIT scores based on each individual RCM output has been transformed into a continuous distribution using a stochastic transformation centred on each discrete value in order to apply the statistical adjustment between a 15-year control period (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) and successive 15-year simulated time-slices. We choose periods of 15 years for two reasons. First, owing to the temporal limitation of the observed database range comprising 36 years, a part of which is reserved for validation purposes. And second, we consider this length to be a compromise between series large enough to have climatological meaning -the statistical population is N = 5478 -but short enough to allow by comparing the CDFs of successive 15-year intervals starting in 2010, an effective isolation of any climate change signal along the twentyfirst century. For the sake of simplicity, we label the CIT scores as: observed when derived from observations, raw or uncalibrated when based on RCM outputs without using the statistical adjustment, and calibrated or projected when obtained after applying the calibration technique. We evaluate the performance of the quantile-quantile correction by comparing the raw and calibrated CIT distributions for the multimodel mean against the observed CIT distribution. For this purpose, we select a 15-year independent validation period spanning from 1994 to 2008. The following categorisations are used to simplify the discussion of the performance of the adjustment and the subsequent results in next sections: CIT = 1,2,3: unacceptable; CIT = 4,5: acceptable; and CIT = 6,7: ideal conditions, respectively (De Freitas et al., 2008 ). An overall improvement of the calibrated versus uncalibrated CDFs is seen for the CIT (Figure 4(a) ). That is, the calibrated and observed distributions are almost identical for the unacceptable conditions. A small difference is found between the calibrated and observed percentiles for the acceptable perception, but the uncalibrated CIT biases are still remarkably higher. The benefit of the quantile-quantile technique does not seem to be so evident for the ideal category. Even so, Table II shows that the errors found in the raw CIT values are significantly lower in terms of the percentile-wise mean absolute (MAE) and root mean square (RMSE) errors.
The quantile-quantile (Q-Q) plot emphasizes the benefits of the statistical correction as well (Figure 4(b) ). The calibrated CIT data show a more linear behaviour and are generally close to the diagonal that represents a perfect correspondence. Furthermore, the adjustment corrects the excessive spread found in raw CITs for the (Table III) . That is, raw CITs over-and underrate the first and second classes, respectively. These biases are remarkably amended by applying the calibration method. However, calibrated CIT scores depict an overcorrection in the relative frequency for the ideal perception (Table III) . As expected, the spread among the models also is reduced adequately after the application of the calibration. That is, the quantile-quantile adjustment amends possible biases and errors of each RCM when reproducing the climate of SPdP, allowing all RCMs to be safely considered equiprobable (Figures 4 and 5 ).
Results and discussion
Changes in annual regimes of climate potential for tourism
Once daily CIT values have been derived from the observed and simulated databases and have been adjusted statistically to the SPdP, the present climate potential for tourism can be assessed and its future evolution explored. In particular, we examine the changes on the annual mean relative frequencies of the unacceptable, acceptable and ideal conditions for a 30-year control period (1973-2002; present) and three future multimodel mean time slices: 2010-2039 (early 21st century), 2040-2069 (mid-21st century) and 2070-2099 (late 21st century). Note that the 30-year future periods are simple aggregations of the successive 15-year periods used in the calibration process. Figure 6 displays the distributions for the present and future time slices. The annual number of days with acceptable conditions for beach holidays dominates in the present annual mean regime -up to 40.0% of the whole amount -followed by the unacceptable (32.4%) and ideal (27.6%) perceptions. Furthermore, when accounting for the acceptable and optimal conditions, their relative frequencies yield a total of 67.6% of the days. The annual mean category is close to 4.3 for the present time slice (Table IV) . Climate change could have a direct impact on the spatial and temporal tourism flows over Europe. According to Perry (1993) , 70-80% of UK holidaymakers argue that the expectation of more pleasant climatic conditions is the main reason for spending their spare time. Aguiló et al. (2005) reported some of the main reasons for tourists visiting the Balearics from 1993 to 2000. Climate was ranked at the top (76.2%), followed by the beaches (51.2%), the price (36.4%), the quality of the surroundings (24.5%) or the quality of the hotels (22.2%). Hence, the pleasant weather perception characterized by mild winters, warm and dry summers, and temperate springs and autumns for visitors is the most important asset when choosing the Balearic Islands to spend their recreation and spare time. Obviously, tourist behaviour is also affected by diverse aspects such as: political stability, socioeconomic infrastructures, environmental resources, cultural heritage, travel costs and time, natural risks and standard of living (Gössling and Hall, 2006) .
Regarding future projections, Table IV and Figure 6 depict a redistribution of the annual mean CIT regimes for the unacceptable, acceptable and ideal conditions throughout the twentyfirst century. A steady drop in the annual number of days with unpleasant conditions for 3S tourism is possible: the relative frequency is projected to decrease significantly from the present 32 to 23% at the end of the century (Table IV) . This shift would result in a considerable increase for acceptable conditions together with a slight increment for ideal conditions as well ( Table IV) . Note that the variability of the projected CIT frequencies among the RCMs increases throughout the century for all categories, a natural consequence of the increasing spread with time observed in multimodel climate scenarios (Figure 6 ). Furthermore, a slight improvement in the overall perception of the climate asset could be expected as expressed in terms of the annual mean CIT value in SPdP (Table IV) .
The European Mediterranean tourist sector is characterized by a strong seasonality with large differences in occupancy rates between the cold and warm seasons. In Spain, total tourism revenues are more than 50% higher in August than in December and the number of hotel overnight stays in August trebles those in December (INE, 2009 ). In addition, the peak season demand for beach-based tourism also is influenced strongly by state holidays and not just the weather. Previous studies have pointed out a future projected imbalance between institutional and natural seasonality for the European Mediterranean region (Amelung and Viner, 2006; Amelung et al., 2007; Hein et al., 2009) . Therefore, further exploration of this issue by means of the seasonal CIT scores emerges as an important topic.
Changes in seasonal regimes of climate potential for tourism
As mentioned above, several studies have indicated that future summery peak season (i.e. June, July and August) weather conditions could deteriorate in the European Mediterranean area, whereas it could improve in western and northern Europe. Climate change impacts over the latter regions during the peak season, which are currently the major source of tourists for the Mediterranean, might imply a major modification in the tourism traffic and might lead to more domestic tourism in northwestern Europe. However, climate conditions for the shoulder seasons (i.e. spring and autumn) are expected to improve for the European Mediterranean countries during this century (Amelung and Viner, 2006; Amelung et al., 2007; Hein et al., 2009) . This fact could help to deseasonalize their tourist industries; seasonality is currently one of the main handicaps to overcome for the tertiary sector. We define seasons as: winter (December, January and February), spring (March, April and May), summer (June, July and August), and autumn (September, October and November).
Projected CIT indicates a constant decrease in winter relative frequencies for the unacceptable weather perception which would be mainly redistributed as acceptable conditions (Table V, Figure 7(a) ). This wintry redistribution of the climate asset could result in clearly benefiting the latter, which are anticipated to exceed the unacceptable conditions for the late twentyfirst century. In springtime, an overall growth in the relative frequencies for the optimal conditions is foreseen, at the expense of a continuous decrease in the average number of days with unacceptable categories and a steady trend Figure 7 (b)). Figure 7 (c) depicts that the summery number of days with ideal conditions is expected to significantly increase at the expense of the satisfactory climate perception for the early century, but the opposite is foreseen thereafter. The unacceptable conditions could remain nearly constant ( Table VII) . Note that the variability among CIT scores based on models presents its greatest value in summer (Figure 7(c) ). In autumn, a moderate increase for the acceptable conditions is projected together with a noticeable decrease in the unpleasant categories. A small increase in the relative frequency for ideal climate perceptions could be expected from mid-century as well (Table VIII, Figure 7(d) ). For the shoulder seasons, the overall projected increase in the relative frequencies for the acceptable and/or ideal conditions is due to the decrease in the unacceptable ones. Finally, seasonal CIT mean scores would reveal a general improvement in future mean regimes of the climate asset for all seasons when compared against the present values (last rows in Tables V-VIII) .
The climate resource very likely will remain an important push and pull factor for the tourism flows around Europe in the future. Northwestern European countries are currently the major tourism source for the Balearic Islands. As an example, European Union Community (EU) countries were the leading source for the inflow of foreign visitors in the Palma municipality during 2008, with more than one million overnight stays. Germany and the United Kingdom were the main markets, contributing more than 42% and close to 27% of the total amount of tourists, respectively (INE, 2009 ). In addition, the percentage of nights spent by EU visitors was close to 64% of the annual amount in summer, while the occupancy rate due to domestic tourism was only 25% (INE, 2009) . Hence, summer peak visitation levels could be affected negatively if a worsening of the ideal weather perception occurs throughout the century. However, the possibility of further expansion of the 3S tourism climate asset into the shoulder seasons could arise, owing to the projected increase in the number of days with acceptable and/or ideal conditions. In that case, higher tourism revenues in spring and autumn would alleviate partially the economic losses for the summery season as climate resource perception would change.
For example, the current employment pattern in the Balearics is strongly bound to the tourist demand: 76,2% of the active population is directly employed in the tertiary sector and this sector aggregates up to 72.8% of the whole inland companies. For Palma municipality, up to 83% of the employees worked directly in it, and more than 81% of the companies dealt with the service sector in 2007 (Palma Agenda Local 21, 2008) . The management of such a seasonally dependent employment pattern requires major efforts for the inland social and economic structures. Furthermore, SPdP is devoted completely to a mass tourism model resulting in high environmental costs.
Changes in monthly regimes of climate potential for tourism
To associate the annual flow of 3S tourism and climate perceptions, we compare the monthly average visitation levels during the 1999-2008 period for the Palma municipality which is the smallest geographical unit for which attendance information is available (INE, 2009) to the present and future mean CIT for each month. As already pointed out by Amelung and Viner (2006) , this is not an attempt to bind particular weather conditions and visitation levels in the same specific years, but to show the link between the climate resource and attendance levels throughout the annual cycle. Thus, we illustrate qualitatively the climate change effects on tourism flows by means of the CIT projections for SPdP. Furthermore, the current dominance of the beach-based outdoor activities enables us to use SPdP as a measure for further verifying CIT: the occupancy rates act as a suitable demand indicator to measure 3S tourist satisfaction with climate conditions. Therefore, the limitations indicated by De Freitas et al. (2008) , who originally examined CIT for a relatively narrow tourist marked (i.e. young adults) and over a restricted spatial coverage (i.e. only one country) can be alleviated. This procedure accounts for a wide segment of the tourist market (i.e. including different ages and family status) and for a larger spatial visitor source coverage as well (i.e. several European countries).
Present climate potential for tourism is characterized by a peak frequency in August for the acceptable conditions (Figure 8(a) ), with up to 61% of the number of days. Furthermore, the acceptable perception for carrying out beach-based leisure activities has its highest percentages from May to October. This period coincides with the high visitation period for SPdP, defined as the six months with the largest occupancy rates. Ideal conditions show a bimodal distribution, with the first maximum located in June -slightly above 51% of June days -and the second found in September, up to 49% of total days. Likewise, the optimal distribution shows the largest scores from May to October as well (Figure 8(b) ). However, the month with the largest peak demand does not match these months, exhibiting the highest ideal climate conditions for 3S spare time. Figure 8 shows that the highest visitation level is found in August, owing to the temporal coincidence with state holidays (i.e. school holidays that permit family travel). Therefore, the peak demand is observed to occur outside of the time (June) when climate conditions are mostly optimal.
Even if this fact confirms the strong influence of institutional seasonality on attendance levels, the high visitation period spans over the six months in which the CIT rates above 75% of days with acceptable or optimal conditions. During this period, more than 70% of the total annual amount of overnight stays are spent in the Palma municipality (INE, 2009) . Therefore, climate conditions are revealed as the current preference of tourism over other factors that determine the attractiveness of this area. These results strengthen the previous verification task of the CIT carried out by comparing measures of tourist satisfaction -through a questionnaire survey -against weather conditions monitored on-site (De Freitas, 2008) . With regard to the projected tourism potential in SPdP, Figure 8 (a) depicts a decrease in the percentage of days per month with acceptable conditions for the entire high attendance period (i.e. from May to October) and the early century as well as, a remarkable increase for the off-season months. Furthermore, the peak of the monthly CIT distribution is projected to oscillate throughout the century. That is, first slightly diminishing the frequency of acceptable conditions (from 61 to 57% in August) but, from mid-century, exceeding remarkably the present maximum frequency (up to 74% of August days for late-century) at the expense of the shoulder months. The projected decrease in the relative percentage of the present number of days with acceptable conditions for May, June and September until the end of the century can be attributed to the shift of their relative frequencies towards the optimal class.
For ideal conditions, Figure 8 (b) illustrates the maintenance of the bimodal distribution. For the early century, an overall increment in the number of days per month with optimal conditions is expected during the whole high-visitation period. Later, a remarkable decrease is foreseen for the summery season during the current highest attendance months, July and August. That is, the relative frequencies for ideal climate perceptions during both months could fall up to 22 and 19% at the end of the twentyfirst century, respectively. A shift of the ideal categories towards the shoulder seasons can be expected from mid-century. The improvement in the relative frequencies for ideal perceptions is projected to be more marked for late spring and early to mid-autumn (Figure 8(b) ), anticipating a general displacement of ideal conditions towards the beginning and ending of the high-visitation period. These projected changes would result in important consequences for the current seasonally adjusted tourism flows for SPdP, which is consistent with the findings of previous research devoted to analyses at large scale (Amelung and Viner, 2006; Amelung et al., 2007; Hein et al., 2009) .
Conclusions and remarks
An assessment of the present climate potential for tourism over SPdP and an exploration of its possible future evolution in an era of climate change have been carried out. SPdP is one of the major resorts in the whole European Mediterranean basin. Its main socioeconomic activities are focussed on a beach-based mass tourism model. Key issues for the Consortium of Platja de Palma are: sustainability, global environmental change and social and residential cohesion. Basically, the search of a new model for a leading exhausted destination. Therefore, the evaluation of climate change impacts over this region is one of the main concerns for the Consortium.
Observed and simulated daily series of maximum temperature, precipitation, relative humidity, cloudiness and wind speed have been used in order to apply a secondgeneration climate index for tourism. We have adopted a multimodel ensemble approach to assess the uncertainties arising from model errors and their boundary conditions. To use this regional database properly at such local scales, we have applied a quantile-quantile adjustment to the CIT series, based on individual RCM daily outputs. Results show an overall improvement in reproducing the present climate potential for tourism for a validation period (i.e. 1994-2008) when using calibrated instead of raw CIT daily series. Then, the climate potential for tourism has been explored in terms of the differences among the CIT categories on their annual and seasonal mean regimes by comparing a present and three future time slices. Projections indicate a remarkable decrease in the relative frequency of ideal conditions for carrying out 3S leisure activities during the summery peak season throughout the century, but the opposite for acceptable categories. Furthermore, an overall increase in the frequencies of the satisfactory and/or optimal climate perceptions is expected for the shoulder seasons.
The current summery concentration of the tourist demand in SPdP cannot be attributed only to the climate asset but to other factors as well. One of the most important of these is the temporal coincidence of the natural and institutional seasonality. However, owing to the preeminence of beach-based tourism activities, we have considered SPdP as a suitable location for using occupancy rates as an indicator of the suitability of climate resource. By correlating monthly present CIT values and current tourist attendance in Palma municipality, we have been able to further validate this indicator. Although CIT is theoretically sounded and empirically tested, it has certain limitations. Originally, CIT was only verified for a relatively narrow tourist market segment and a comparatively small spatial domain. Results reveal that the current high-visitation period coincides with those months that exhibit a percentage of days per month with an acceptable or ideal climate perception above 75%.
Projected monthly tourism potential suggests important consequences on the seasonally adjusted tourism sector for SPdP owing to the shift of ideal conditions from the present highest attendance months to the beginning and ending of the high-visitation period. Therefore, state, regional and local policy makers should be able to address possible climate change impacts on the current status of its tertiary sector. This industry is currently the main driving force of employment and gross income for the inhabitants of the region. Furthermore, such a mass tourism destination is the main competitor for agricultural activities over the natural resources. The projected shift in the ideal climate perception for 3S tourism could offer new opportunities for a corporate restructuring of the tourist sector. A deseasonalisation from the current summery peak concentration could alleviate the stress produced by a tourism destination with high environmental costs. In SPdP, the diversification of tourist activity could be encouraged either by introducing new leisure activities not so strongly dependent on beach holidays during the peak season, or by shifting these towards the shoulder seasons. Finally, it must not be forgotten that although climate change is a problem of global concern, its effects become more apparent locally. Within this context, further development and application at local scales of climate indices for different kinds of tourism remains as an issue of considerable interest.
